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WLINEAR THEORY OF THE TOLARIZED RELAY"

G. A. Ostroumov,
Molotov State U. o
the Chuir of Gen'l

Physlce

1. Titroductlon

1935 saw the rough conatruction of a genornl linear theory of two-
position polarized rolays, the mesns employed being the praphical method (vide
G. 4. Ostroumov's article " A Method of Caleulnting o Polarizing lelay",
in lauchno-teckhnichaskly Sbornik, Leningrad, Elektrotekhn, Instituta Svyazl
(selentific Technical Symposlum of the Leningred Electrotechnlcal Institule
of Communication). No. 9, pp 58=64, 1935). In the course of the following
years this primitive Lheory withstood experimental tests (vide A. Zhelnova's
"'he Frequency Characteristic of a Relay for a sinusoldal Signal". & Student 's
Diploma Vork at the aratovsk State U, 1937/33). The tests established the
reneral trustworthiness of the theory, but revenled systematic deviations.

Therefore the necessity arose of building, on urineipally the same
foundation, & new and more rigid theory. This theoretical foundation can
be formulated thus: +the structure and analysis of the frequency characteristic
of the relay, disregerding nonlinear distortions. The obtaining of constructive
conclusions concerning the ways and limité of possible improvenent of this
type of relay is, therefore, the.gpfbose of this anelysis.
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2. scheme of Gonatruction

For definiteress we shall Tepresent the constructlion of the relay or
Ceimilar apparatus (for example, wndulstor) by some aort of sohems as in
Flgure 1 (all {igures are annexed). In it, A is a yoke of laminsted trans-
former tteel; B im tho ferromagnetlic laminated part of lhe armature; C is
ita axls of rotation; Uy aud D2 are stops; Gdég the oigg;aneo—%eﬁwoon—xhc
iron; ¥ 1o a .ornanent magnet or electromguet supplivd with direet current.

3, Simplilying Assumitions

A. Linearity of tho system: 1) “overonte of the axmature between tho
stops Dl’ Ly hr %0 bu considored "snall" in comprrison with the length of
Lhe dr gap G, <) The current strength of the sirnnl in the region of inturest
to ug in this aralysis can be consldered "emall" wlthin the iimits defined
by the law in Lquation {1) below. 'Then, in accordance with Hopkins! formuls,
let us assuie as tollows:

a) mapnetic flux @ in the actlve gaps G equals:

oHTY

04w f __d(/—-o“)a.‘#'rrcufa _ %
G=0-)"%" 5 x —  sRE = 5SR. [ W
$_(=o)odTw _ I-T g
5= ya = L/0

b) see force F of attraction of the armature for the side of the pole

shoe equals: 2

IF /
F= e = ft 5 xi z+/-’ SN .

—ent s
o, =2 ===

5=§‘7_7‘—S)' 9X Mzaé ——2775 X;ms n.S'

a/-‘e)sﬁ c_ﬁ _ ,__
25350 =2z )W
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Tn these formulaes aipma g algnifies the coefficlent ef geattering
(dirtusion); Rm ig the mnnnetic resistance of the magnetic conductor of
alternating=currant algnals when the armeture 1s in the neutral position;
Iy i8 the fictional direct qurrent in the signal winding whioh would cause
the same Ulux ag that due 4o the permanent mugnat; X iavthe diaplocement
of the urmature from neutunl, or varintion in the grpa Gy S 18 the area of
each pole shoo; L g tho coefficlent of .osiilelnductnice of the eignal
winding for neutral position of bLhe armature, All ruantLtios are in
practical unitss cm, wrum, sec, volt, amp, ohrn.,

Tn electro-acoustlics, the parsmoter C Lo cullod nopntlve resilleuce of
the mapnetic fleld; Nl 1s the first (direct) coaffleient of whe oleclro-
n@chanlcalcﬁzgg:g

B. Other aussumptions: 1) Lot wuw consider the core of the alectro=
magnet and the armature to be laminated ('burdened') <0 thet we may neglect
the influence of Foucault currents. 2) The collisions of the srmature

inelastic
pgainst the stops D will be consgidered pbsolutely nen-eweekrdc. 3) The

moving armature gyshem will be considered as aLmechanlcnl con;;:;ET§yste§r:TZ:>
centered Lpu% not distribu£e£§}and npeduced” to one point. Lot us choose

the canter of pravity of 1he aree S as the point of reduction, 4) lLeeping
in mind the problent of rapid actlon, 1et us neglect friction in the Lesrings
in comparison with inertia and negative elasticity of the magnetic field.

5) Llet us assume that the sipnal has the form of telepraphic dots smoothed

40 sinusoidel form with the preceding elements of the communicstion channel.
(Lote: 'The sinusoidal form of the dot signal is selected as the most simple
form, which facilitates greatly otherwise difficult mathematical compubatiors .

Extremely cumbersome calculstions glve almost the same peneral result for

dots of box-like form), 6) the generator (oscillator) has purely active
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conetant internal resistence R (amplifier tube in the reotilinear reglon
fi -
of hﬁ& oharacteristics) will be tuken as theucurce o éignn 5. 7) Uhe

resleténce (ohmle) of the signal winding le assumed to be gmsll 1 cemparison

AT e e fo

vwith the slgnal oecillntor's realetance, or the recistance of the windlng
15 eonsldered slready included in the resistance L.

4+ Basle Equatlons

A, Tho armsture in motion: When the armature rotates sround axis C,
the urbulanced part of the force I in Lquution (2) scts upen ithe srmuture

accordlng to the following formaula:

mix == Cxx—r“/\/.’f,

Hore m signifies the reduced mass of the arnsture and the two dots
over x moan the second derivative with regpect to time,

The electrical system of the reley can be schemstleslly rerreserted as
shown in Flgure 2. acting upon It are: a) electromutive forece of the signal
E.exp (jut) and b) emf due to the varistion of msgnetic flux during
armature motion:

0E -5 /
—wax-/o -x-———--—/VX.

Here N 2 (/=) ‘”54: 0 F ::/%/;:—g'wd'é./o"g: N

-7 volt: sec

In electroacoustics, the parameter Nll is called the inverse coefficient
cCovy /“’10’
of #ie electromechanical .
Besides these two emf's it 1s necessary to keep in mind the voltage drop:
RI =+ LI = E.exp(jwt) = Nl/:],' % (5)
(Note: 'hen utilizing the symbolic description together with the algebra%ﬂa,

we take the real part of the complex number as the actual observable value of

the periodic quantity).
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From (3) and (5) we obtaln the baglo dlfferertial equations desoribing

the movement of the armatures

] '
o R o NN g JBC _EN get
N S (il i Lt S (®)

1f wa ret here: N 2 )z < \
. — === -
gt zdfk = NToand O £ 1¢ ( h

then we obtelnt - C | 'awt‘
", < N . (R ez €&
x-+—~“ X - FYC—'-T ‘_.LNE)X_W\LX [T~ (7

for the assumptlons adopted, thls lo an ordinary third-order linesr
differential equation with conotant coalflclients relative 10 the unknown X,
the displecenent of the arm-ture from the neutral position,

B. 'The armature at rest on the stops When the armnture presses the
stop, Equation (5) is simpllfied:

RI — LI = E.exp (jwt) (3)

In Bquation (3) the left side is de resction ol the
stop.

C. The characteristic equations: 1) Baslc Leunslormation: setting
x == A.exp(pt) and disecarding for the present the right side of Equation (7)

we [ind for the free (£ = 0) motion of the srmature the following equation

N* RC
A"”‘("”if”"LF MQ”EE>F"D‘R]=O (9)
C N S .
or F—‘r P*;(\-C{zp—%w :-::ﬁ(\;)_.
This equation is {he chsracterist! 'forl\ re-driferential-oqustion ('7)

Cedre
and, be expressed thusi

£(p) = (p=pPI(p— )P~ py==p (* Fr*m?*{w@* BT Go)
-+ PP PRR T
Setting I = B.exp(qt) and discarding for the present the right side

of Equation (8), we obtain for the zrmature pressed sgainst the stop
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(within the limits of the assumptions adopted above) the following character=
1&t§é>fgénﬁquat¢&n (2)s &
B.e:‘tp(qt)-(R—f"LaU)':—“' 5 ‘b«"-’""’t ' (11)
2) Expresslng the roots by constructive varpmeters) limite of the
numerioal valuee of the roots and of the coeffiolents of the charscteristic

equationss Comparing Equ-tilons (9) and (10) we find the following relutions
R . , _RC
-— o0 <P'+F"-)rﬁ=:z=—r <0 -J—\-ﬂou >ﬂrn13.._..TT =Tm >0

C 1T [[AEAR )
o E Sy e S SRR =

SR (22)
PG D =TH= S0-y s e
2R = - = m (V2o I = -z 0 H=Fg g,

From conudurmﬁlon of these relstions 1t follows that one of the three
roots, say Py» met be nositive and the remaining two must be negative or
complex conjugntes with neprtive real part,

For the first of these two possibilities we see 0 > p, > p3 > —=00; |
"F{/F“‘K Fa/]?;"‘{i +oo=>fEoxx >0,

then on the N,P-plane it 1y poa iible to set the limits of possible varistions !

crrcval fles
of the roots in accordsnce with f‘qﬂw’é-kms (12). 1These 1limits ere indicated "
. ) L s owlhes
in Figure 3. and — Fl/P\ ::a——ab ,we Obfam) osimilar -?as HOHK:

Setting the complex roots-—pz/pla 8 =+ jb/\a.,:b-plane the limits shown
in Figure 4.

From Equation (11) it follows that:

¥ _oo<a8:——-.-.-§—<o

.

(13)

) g From there formulas it is obvicus that the roots of the charscteristic
i zed,
r'i equatons are ex]zresss-eg uniquely by constructive parameters of the apparatus.
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The parameters of the a.paratua are exrreased by the rocts?f\ly ag palred
ratides (R/L, C/M) or triple ratioms (N /LC>
U, 'The equations of motioni the actual mctlon of the armature is ﬁ d‘e

sum o!‘pf three free mollons and a forced motlon, nocording to the following

equation: éu't

X = AeP'—H\ ol A el t+De (14)
I .

Here, by virtue of (7) and (9), we have

aw’c

podWt . T(aw) = —— (15)

|

or DE(jw) =r:'\;)[;- E .

E. The equation of the extra-current: while the arunture is immobile
gt Lhe stop, tho current in its winding is toseribed by Formulns (8) snd (11),
which are transformod irto tlie followlng equatlions

1wt
T{TE}:E 6J -+ 1 T e Rt o . (16)

5, 'The Gereral Case

A. Initial conditions: 1) Determinstion of the rteﬁdy';ggiodic ragines
Laustions (14) and (16) describe the behuvior of the upparatus when the armeture
is moving »nd when it is at rest, respectively. They are rel:ted to each
other through Equation (3) at the moment of transition from one stnte (motion)
4o another (rest), which gives us a‘boundary' condition.

it Con-d !¢ :n/g erormu
Let us anelyze the case of the steady repi-me of wer{; whore the motlon

of the armuture is strictly a pericdic funetion of time with the fundamental

)lff\ /r/i)

oircutar frequency w of the sipnal.
2) At the beginning of armature movement: The motion of the armature
is begun st the moment of time b = 0 when the srmature is still at the stop

and its displecement x equals ¥, when its velocity % is zero and when 1lts
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acoelevation X (or/&#wm/the reaction of the gtop) passes through
the zero value, Keeping in mind Equation (14) we can writes

Lre R N e

A|F+,‘\;F+/\F+ ’Daw—”
v A F—'i" /\zr'*‘“‘ ;\ f) ""j>o)

(17)

L

!

I
o O (=

For the moment t =’W/w , exactly at sariperiod, we must write, nccorddng

to Laustlons (3) end (16), an follows:

N'E i -PHL
ik == C (-\j) -+ f"""(’)-‘:[ = -+ N I ‘
CU-—--——ﬂ—-«\-NI —Mr/w::-:;o |
(18)

3) Collluion mgalhs gt the stops the armature, moving according to
Equstion (14), at a certaln momont. of time t = tl reachos the o posite stop
and its displacement bocomes X 2 -y, At this moment of time a current I
flows in the winding of the appuratus; this I is the one described in Equntion
(3). after an':;e@r(;mﬂ nosfelartic collision the nrmiture stops and Bquation
(14) no longer hczlcisT.7 V.nr‘rent I satisfies,as before JEquation (16). Therefore

1t 1s necessary to write for this moment the following:
t = tl =‘/%»:
Pl ¢

e A SEUP WL LN, % —-j—,-,
=m \TM/M‘J‘AFQMN‘H\F Bl 'leew)

- i - R4
C3+-P:%FT— ey N'Ie <

.

™ X

I

Here 0 € W by = CPS’“’ . The smaller ;0, the :aster the relay operntes.
In practice the quantity 1 -:P/-n- is called the "coefficient of

stability" of the apparatus's operation.
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L+ Review cf the resulte obtalneds Equations (15) and (17) determine
whether the armature breaks off from the stop and whather 1t will generslly
Le moved under the action of the sigral E. Uhe first Equation in (19)
determines whether the armature reaches the opposite stop and if reached,
whether in the course of the first semiperlod after the beginning of the
motion (thet is, whether actually 90 18 legs than T ). If the armature
repchen the stop in the course of the firat gemiperiod, then tho second
Lquation in (19) dotermires the fcreo of the extra=current Io arising 1n
this omse. i'inally, Equation (18) tells Qgpgqiiklwhathe; t”i?ﬁﬁ?‘r“'Qﬁf?Qﬂt“
gernlte o now brenking away of the armature from vhe stop exactly a full
period after the first start of the armature 's movement,

B. Fornmulnting the prollem on the construction of the frequency
characteristic: Formulas (15), (17), (18), (19) descrlbe the behavier of
the apparatus for a steady‘ﬁgflbdic ﬁ%g&%éﬁﬁf operstion, They consist of
a system of 7 simultanecus equations. They sre sufficlent for finding the
family of 'exploitational! parameters A,, Az, Aqy D, I, 90 , I in terms of
the constructive parameters Y, R, L, m, C, N¢ (or O°) for a frequency w
of the signal,

Eliminating from those 7 equations all unknowns, excopt E, one can find
the dependence of this quantity upon the frequency of the signal for any given
values of the constructive parameters; that is, one can construct the freq-
uency cheracteristic of the apparatus.

toeffcicnt

some of these equations heve the imaginery me J which defines the

complex character of the quantities D and E (and also Az and A, if the roots

3
P, and p3 are complex conjugntes). Therefore the strength of the signal E

is determiped as to both magnitude and phase.
Some of these equations contain the unknown gp in the power exponent,

Therefore, these equutions sre transcendental, that is, they can possess an

infinite number of solutions.
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J# /. "‘J e
C. Consideration of -the~ nonperiodic regtrne; ¥ sea that for the

nosuned steady” pgriodic megi—me one can observe for a given f{requency not f.
any, but just cortain definite valuas of the snple fcorr sponding to definite
distinet ‘!a"t::@“nptihn M'@"_gxxa) ) F, TFor the other ntrengtha ef—the ! sipnﬁl)
the reg&*m " eannot be periodic since Equation (18) will Le violated, In
ench succonding gemiperiod the armature's movement will eceur with increasing
lag or incresslip lead a8 compared with the precoding soid period (but,
jerhaps, alternately lag and lead).
Thus we can oxpect a family, porhaps conglating of an {nfinlte nunber,

of frequency charrcterigtlcs correspol dtng to the namlmed axactly pericdic
fide e Tion :

! steudy’jms. To (gach polnt of each charncteristlc thore will correur ond
1ts vnlue of the anple f .
6. 'The Partial Case. The Griticnl Choracteristic.
0f all the frequency churscteristics of the apparatus one will ponsess :
the most Lmportant value. This ls the teritical charecteristic! corresponding
to the critical, or limiting value of the angle 79 T . 'The armature hard by
p‘/;}:m-]v co]lidf—gg naﬁlelastically against the stop quickly movesAreverse'
(lotes /I'jrp“‘rvspite of the Lnstanbaneousness of the contact of the armeture with
the stop, such a contac(t,‘;‘-';a ;i’fficiem, to discharge the condenser, This
discharge can o“ne\ﬂ’e the operation of thﬁ g;);arstus in the communication
channel). The l"s“v‘.rength f—-t-he algn) that % such aw operation of the
i gpparatus is a minimume .g/;'é{\ gtronger signal ensures better transmission
than the signal corresponding 0 the critical characteristic. g;% weaker
% gignal bresks off the normal operation. \
8 To set up the equation of the critical characteristic one mugt use ,‘
é vormula (15) and the first two formulas in (17). The third Formula in (17)

e <.
s % 1s unsuitable, since the armature can m/gvermi'bh accelerat:?odn even in the
]

ipitial moment after collision. Taking into consideration the signs of
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acoelerations,in place of this formulag?i; Tinds
<;‘.)f-'ﬂ'[ -+ (i)'tmo =0, } (20)
Mpd(ePTho 1) -4 Ay (P 1) - My ) =0 .

Instead of the [irset equation from the proup in (19) we now finds
™w W w —— —
b 0P AP - A ePTR D = = (1)

Thus we obiailn a system of 5 simultanaous eaquations with 5 unknownsi
Al, Ay, A3’ D, E. The previcus unknovn yﬂ now hao the definite value 77 ;
the unknown slrength of tho oxlra=current I° drops awey bacauue now the
arinture does not press arailrat the stop in nccordance with Equation (16).

solving thls gsystum for bl we obtaln the uquntiun ror the eritienl

4f".u,
frequeney characteriastic correspondlnp Lo 4 stes dy Uﬁrlouic Pag4ﬂ .

s 29 ) 5
P ALY N AL P )
ePmey ePuy e?n“’“»t» \

= |— 1w
=TT A [el]
ﬁﬁ%ﬁwﬁng ﬂ?éﬁ”w /) p(gA1W¢O
eﬁ?‘r‘/u/'_/_ / e/i"”,/-u / / /27'/ ’”’L/
e (22)
A

The first coefficient represents a congtent inderendent of frequency;

the first and second represent the maln variable part of the frequency char:e ter=

e lirmw sonte
jstics; the third, containing an—eperutb @epreeenﬁg>in the renge of freq=

uencies that interest us(ggﬁhing more than a cé;rection facﬁéil

7, Scheme of Comparison
A, Ideal characteristic: The construction of the frequency cheracter-

{stic does not determine whether a good or bad apparatus is analyzed and how
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to improve it, Tt 1 necesgary Lo have a atandard With whieh one could

I
compare for each frequency the operation of a glven apparetus., '

ro oo
Ae such a standard of comparigon we geleot an arrangamert that koeya

{
&
b

only the moat opmential elementsi E, Ry my Y. The reralning alenents of

§ \he scheme vwe nsiume aqual 1o nerod /f - E
é L —» o) C=im0j 679 (22%) :
4 9 . et re b
2 ng Loy the parameter NS, jet it acquire its aréiypm vnlue for o:ch freauency ;ﬁ
i v|
; of the slpnuly 1t 18 determined thus: :
i
! d(/f/z(\) -
' J (W) ' : (23)
' Lt " . ,Ju,n et 0 s
X ﬂhe cau»etty ot tha slgnwl dballaner hero-mrgt~be-= miuinuimn. It is

pousible to show that with theue nusulptions the 1denl frequency charncteristlic

Ls exyressed by the following vcuaticnss

1 S
O - e L 4. . .y S s
T PV;” == yr 3‘ ¢ k y on % IR bmw® | (24)

P

Here By sigrifies the absolute value of Lhe mmplitude of emf signal

strengbh in the idaa’?ae%énn of eomysrigonh Ur:

- 2 :
Pmin- 2#)’2(0){%) Lo ko

flere the first coefficient represents the meximum kinetic crergy of the

mass me. The third coslficient determines the speed of variation of the

Kinetle energy.

E

e B, The reduced characteristic: the frequency characteristic in (22)
% E = E(w) can be brought closer +o the ideal frequency cheracteristic in (24)
i

i & or be teken farther from 1%, depending upon the frequency and constructive

parameters of tte apparatus.

-2 -
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In order to possess a conaclous control of these parameters, let us
introduce the concept of "reduced" frequency characteristle by means of the

dinenslonless fuetor E , defined by the following ratios

= E/E, .
(24)
Then tre reduced frenquency characteristic ls oxjresslble thus: f
. E=‘£Cw'\)|‘v;\v3) ! (46)

In particular, the main ;nrt of tho eritleal cherncteristic (22) 1is re-

wrltlen by taking expresalon ( (12) into account nnd tnkew the followlne form

‘ El__ mlL - j( w) T Lc L iQL_«Q
[

iy

N Y)Rkh,w 2 C k/\xl “R ’!/'d-
| o {( W)

| =TT e |

setling here w —> o0 and we-soo, we can show that the reduced frequency

)

[ .
\ -
,

cheracteristlc both for the lowest [requency (0) and also for the highest
(infinity) frequency of the signal diverges to infinity according to the

®3) -

== 3/2 power law ( 0@ ). Tor some middle frequency of the signal

the ;;éuced sensitivity of the apparatus is an extremum (e muzdmun) o
8, Determinstion of the Meximum Reduced Sensitivity.
Computing, according to Bquation (27), the square of the parameter
and equating to zero the derivative of this square with respect to frequeney,

hat I e o
} we find4iqvalue of frequencx,wo bhétréorresponds to maximum reduced sensitivity.

Lov ey 0
This value W, will be called "exploitation frequency". Substituting the

value of the exploitation frequency into expression (27), we determine the

value of the maximum reduced sensitivity as & function of X, B, a, b or

P

according to Formula (12).

’ PZ’ pB, or, finally, of the constructive parameters of the apparatus

-13 -
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9, Dimensionless l'arametere of the Apparatus
Tn selecting thess parnmaters 1t 13 practical and convenjent that we

keep Lhe samo group of inde endont dlwenalonal rutioai

g} ;
g ) R /L(JJG ) L" /\”(’")c ' (271>

Tn tebles 1, 2, 3 and in Flpgurs 5 are several ealeulited values of
tre dlronslonless parsmetars, llere wa hava Lntroduced the desipnmtion:

( ‘v’(o/pl)2 = = (971 ")

Figure 6 plves the value of the roduced qenalLivity as a functlon of
the lumped ,araiebur CL2/“R2. (Note: This part ol the work was completed
by Kotel'nikov and Lajchinskly, students on the mathemntlenl phyules Lfaculby
of the Moscow slute University).

10. Procticul Reuults

irom 8 conslceration of Lnbles 1, 2, 3 and MFlgure 6 1t possible to sve
thot 1 one disregards complex ro;;;&béteranSEg ihe osecillatory charscter
of the Arnature's motion Ln:;géf%é};i, then a maximum reduced sensitivity
of the appuratus of the order of 0.4 to 0.5 s obtained uround a value of
about 0,15 for the lumped constant,CL2/mR% == 0,15, lhen the exploitstion

frequency is determined ?%gm the following ratio:

Lu /R == 0.55 (2t

1f one sets in the last expression R = El -t Rz, where Ry 1is the
resistunce of the signal oscillator and RZ is the resistance of lhe relay
1'< b Ry -',f'(’yd’.ff- 29T
winding, thenmtha.ipliewing«stahnmanxa.will held-tree—~approxiuatedy

Wol = Ry = R (2L 11Ty

that isytif Rl and R2 are approximztely the same. Below is glven the

theoretical foundation of these relations.

-1 -

CONFIDENTIAL

Declassified in Part - Sanitized Copy Approved for Release 2012/6—1’:/67 : CIA-RDP82-00039R000106050007-9

PR S




T e

"y

#

O

e

Declassified in Part - Sanitized Copy Approved for Release 2012/03/07 : CIA-RDP82-00039R000100050007-9

CONFIDENTIAL

weaplig in mind the conﬁiusten rsched in the author's first work
tnvolving the graphieal methoed, one mast do aa followsy in order to deslgn
corraoctly a polarized relay:

l. gmka a dafinlte deslgn cf the projected arpuratusj

R ép accordance with the desipn sulected, determine une reduced maus

moaf the sraature;

3. seloct the nbdcdidééh;lbed ax-lottation fraquency Wawwulch can be
aﬁégdﬁgered in practlee for a plvon typo of n|pnruhuq;

b HUJGQL bhe Aun«city of the slgnal oac%aintor Qéﬁiééﬁ%ho apparatus
aud speckly its Inturnnl reslatunce Ry thls G&yhﬂfh’ musth be sulllelent,
but not excessive, to odéféfuvtho least d@puc#ty ns dotarmined by Hquation
(24);

RVREVES g i
5, select n soupes—ef perimnent magnetimm Lhot dmeeres tho relation
2

C/mwoz == 0.52;

6. gulect the numer of turns of the slpgnal winding }n~éggéﬁdaﬂce
wiebdr Lhe condition R/L )y == 0455

e Qlace the winding on the: relay in such a way that the coufficlent
of seattering ¢ is a minimum, and magnetic 'concentration' is a maximum;
then the resistance of the windings will be = minimun Ln comparison with
the oscillator's resistunce.

8. if eny of these requirements contradict those preceding, than it l1s
necesanry to assign another dimension or anothor design for the apparatus.

11, Conclusions.

1. té; general linear theory of the operation of a two=position
polarized apparatug was uiiﬁﬁiXQQQaéﬁﬁ ﬁﬁLgor of assumptions realizable
in practice.

2 Ehe instability of operstion in those cases where the coefficlent

of stability and signel strength do not correspond to periodic solutions of

the equations found was noted.

- 15 -
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3. ‘;he eritical oaze where the armature touches the stop in just a
mementary eollision was examinad in detail,

b a sohens- of compnrisgﬁ;&ﬁg aatablLahadlgiving in the most general
o0nag the 40pendence of mintmum dééé;ii& naeaasary ﬁgfighé;vuaugad mass of

e,
the armature 1 ogelllatory motlon upon, froqueney and nmplltude of those

ogseillations,
: S varlous rolatlons Lotweon the rolay parambters deleriining the valwe s
H -

of maxlmun conultivity wera ¢-leulitod for Lie oxitier] enin.

6. ginonsionlouu comblnablonn, nu tiietlons of vhieh the no: L Lmuortent
exploltation dute was coflved graphleally, were fored Prom the relay jaramoters,
é 7. gouign procedure wao followed for n two=-position apps atus with
maximum attatnable sensitlvity within the boundery of an oselll lory repglme,

% 12+ wupplement,
Q 1, Cormetion fuctor: As seen from t-bles 1, 2, 3 nnd iigure 6 the
most interesting region of the &, P-plana is the reglon around the point

o = P = 2. For example, Lhe aquivalent repion around the point sx== == /o

does not possosa nn practical value, sincaNer fFrost cedeinductances L
’ /3/

TR

11 o lreas 5

for very gmall resistance R, Whlch 8

—A—-”*—""“"ﬁ ey Tees e off The U//’

L' corzaspond to &his regt}ﬁb
zpparﬂtus~avoidﬂ by prOper“duargning.

/

Table 4 glves the numericul values of the ratio of operators 1n I'ormila
(22) for the reighborhood of this polnt. A similar ealeulstion errvied out
?‘ for an interesting region of complex roots gives analogous results,
Approximate snalytical evaluation of the oper-tors for this region shows

thet the average magnitude of the correction due to this ratio in the

N Tt

region of maximum sensitivity of the apperatus is about \/Y = 0.7

T

The sensitivity shown in Tables 1, 2, 3 and Figure 6 must therefore be

sl S

increased approximately by 40%.
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2, Polarized two=pusition relay with spring: Lel ua aasund that a
wonk spring la attached to the aprmature of the ralay so that the spring ;
tonds to return the ermature to 1ts neutral position, Then the apring's
posltive elasticlty (atiffneaa) Cl will bm~oodn&er—acba&—g;:£ neg-tive
elacticlty C of tho mapnetic fiold, so bhat only the resulting negntive
elustlcity C, T C = G Will piay-tho cLndlreets, 1 fie?

Tnhis weany that C2 mgt replaco C in Equation (3) nnd in all succeodlng
equations and that OZ 1g less than C. T:ien one cud chinin the fael thet
(1= cr)2 will not be lews but equal to or oven Frontor than unity.
| Figure 6 depkots Lhe iine correspondiny to equal roots p, and pq;
i X =8=a; b= oin the interval from O = —+ 0.6 to O =—1.15 !
As we see, the use of a spring In this inLarVai{iézmzsﬁzs’tha sunwltivity of

the relay whout.double vhen the expleltstion frequency has been roduced

ebout one snd a half tlmes (sue table 2).

“E WD -
(A1l Figures and tables are annexod.) q

t‘oscow State U submitted 10 Apr '47

, : Chair of Gen'l Physics
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Table 1 CO“F\DEN‘A\.
Real Roots
! el < =l
S
- -
' oA 063 0 1 —_
::Z j:fsJ :.;7 1,50 0 0.461 0.535 0.520 0.148
1.7 2.3 2.57 160 O 0.459 .51 04516 o.ujo
1.667 2.5 2,40 1.51 0 04442 0.508 0.505 0.1%2
1.5 3.0 2,68 1.6, O 0.435  0.469 0,480 0.105
1.333 440 2.30 1.67 0 0.392 0.386 0.439 0.0655
| 1.25 5.0 2.9 1.72 0 04355 0.328 0,405 0.0435
1.139 6.3 3.00 1.73 0 0.320 0.268 0.387 0.0278
1.08 1. 3405 1760 078 0.2 0.345  0.0053
1,75 1,75 2.4 1.6 0.2 0382 0,585 0.575 097
1.56 2.0 2.15 17 02 0380 0,575 0,568 0.187
1o4d 2.5 2,24 1.0 0.2 098 0,516 0.5 0.4
1.29 3.0 2,38 1.54 0.2 0.38 0,470 0,495 0.109
‘i 1.20 440 2,58 1.61 0.2 0.340 0.383 0.448 0.065
1.04 1440 3.0 1.73 0.171 0.123 0.346 0,00525

0.2

§
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Table 2
g‘ Bqual Reots, b = 0
% ! = T &L | C, | i
v [ % e | s e
TCENEES R %K |
Y | | |
I | | |
l i
L “‘ 04 l 0463 0 1 1,000 | o —
5 \ 0.5 . \ ‘ 143 1o 2494
L o, | 0.6  0.688 | 0% .
e | ! ‘ 15 04370
‘ ! | 1.22 0,57 0,213 04720 0.7
i 1-35 ! 1.5 | . l 93 0.220
| 1 2,0 0.27 | 04364 0,603 045
3 l‘ 1.67 ; 1067 i . : | ) 559 0.545 0'170
1.7 | 235 153 00 | 0.2 . ‘
N . | 04540 04525 | 0,153
106 | 2.5 | 1.8 0,029 | 03O |
. | ‘ 61 0.535 0,520  0.48
2.0 | 457 | 1.60 0.0 | Ol |
. | 8 0,498 0.480  0.119
“' 2 21‘- 3-0 ‘ 1-73 I '0'01814 1 0052 [ ‘
s | } 4 0451  0.418 0,085
| L ke 2.0 | 0475 |  0.B3h ’ ‘
" 2.4 | =002 704 | |
e ) | \‘ 0,730 . . | 0.0560
' ‘ C 245 | =091 .
> pol | | 0,788 - . 0,0480
‘ | 0,08 . |
> e l 0,818 | - - 0.0430 |
-1.23 . | |
“ - - ~i P e R L \
Y 3.16 ‘1048 . | |
488 10.0 \ | J
1
—
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Complex Conjugate Reots
. | , I TR T

G. Art - “ ‘ | | €' | ) < Mo o® m N “
¥ 2,0 | 0.0 ! 2,57  1.60 J ° ’I 04461 ’ 0.535 | 0.518 0.148

1.80 | 0.60 Rk 156 | O | 0,490 | 0,600 | 0.568 04204

1,30 | 0496 | 208 Lk o ’ 0.595 140.'335 | 04785 04636

10| 20 L7513 0 069 130 Ll 240

0,55/ 0.9  1.08 .04 O = 1044|458 | 495.0

l10.5 o7 | 10 10 o 10 | m > >

o.e>;1 0.8 1.0 | 1.0 0,02 | 0.813 5.0  |5.00 | 125.0
-’ 0.8 | 0.6 10 | 1.0 02 | 0500 167 11.67 4e65
'f 1.0 | 0.8 | 133 | L5 0.2 . 0481 115 |1.28 1.69
‘ 1.2 | 0.8 160 | 126 0.2 0453 090 (.07 0,87
16| 0425 | 2.0 | 14l 02 | 038 064 0.8 0.36
175 0.0 2.4 | 146 | 02 | 0473 0.585 }o.ez. 0.284
' 164l 0.3 2,0 | 1.1 I 0,233 | 0.373 | .621 0.3 0.332
b

1
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Table 4
Values of the Ratio T in Formula (22)
| |
r ' ]W//OI . ‘, ] w/ﬂ | 1
| l ' | i N | 1 ?
| l | Qa8 | 1.0 l 2,0 T ‘ 0,5 ‘ 0 ' 2.0
0 | O l 1.03 L0610 1.5 | 2.5 116 1.3 1.39 \
i ‘ ‘ : ! )
o |08 1.09 L1 s | L IPEINEE R |
0.5 06 | 142 110 142 | 1S5 | 6.0 128 - - |
sto 5 0.8 1.06 1l 153 | 1.6 1.8 lué' 149 b |
| [ ] L] L] |
0.6 0.8 056 145 109 l. L 20 11 M6 0% \
L3 L | 149 Les 207 | 16 22 078 135 0.93
13 40 | 12k 12 1,99 | 1.6 | 3.0, 103 112 13
14 60 | 145 148 16 | L7 e a4 La 1P
) ‘ ; ‘ : ‘ ‘
1.5 1.8 | 10 11| 18 | L8| 20 125 129 1.77
ilts 2.0 1.13 1047! 1533 1.8 2.5 1023 1.56 5 104
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